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Purpose: The purpose of this study was to characterize the Hounsfield unit �HU� distributions of
mesothelioma and other tissues present in contrast-enhanced thoracic CT scans, to compare the HU
distributions of mesothelioma, muscle, and liver by scanner and reconstruction filter/kernel combi-
nation, and to assess interpatient HU distribution variability.
Methods: The database consisted of 28 contrast-enhanced thoracic CT scans from different pa-
tients. For each scan, regions of interest were manually outlined within each of 13 tissues, including
mesothelioma. For each tissue, the empirical percentiles in HU values were calculated along with
the interpatient variability. The HU distributions of select tissues were compared across three
different scanner and reconstruction filter/kernel combinations.
Results: The HU distributions of blood-containing tissues demonstrated substantial overlap, as did
the HU distributions of pleural effusion, mesothelioma, muscle, and liver. The HU distribution of
fat had the least overlap with the other tissues. Fat and muscle had the lowest interpatient HU
variability and the narrowest HU distributions, while blood-containing tissues had the highest
interpatient HU variability. A soft-tissue reconstruction filter/kernel yielded the narrowest HU dis-
tribution, and fat with artifact had the widest HU distribution.
Conclusions: Characterization of tissues in CT scans enhances the understanding of those tissues’
HU distributions. Due to their overlapping HU distributions and close spatial proximity to one
another, separating pleural effusion, mesothelioma, muscle, and liver from one another is a difficult
task based on HU value thresholding alone. The results illustrate the wide distributions and large
variability that exist for tissues present in clinical thoracic CT scans. © 2011 American Association
of Physicists in Medicine. �DOI: 10.1118/1.3537610�
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I. INTRODUCTION

Semiautomated and automated computer methods are prov-
ing useful in multiple medical imaging applications, such as
screening, diagnosis, and therapeutic response assessment.
While an understanding of the discrete information within
images may not be necessary for the human visual system,
computer algorithms utilize discrete information contained
within images to perform their tasks. Thus, an understanding
of this discrete information and its variability across different
patients and imaging parameters is needed to improve com-
puter methods. In computed tomography �CT�, a CT section
is made up of many pixels, each with its own discrete Houn-
sfield unit �HU� value. Tissue characterization captures the
HU distribution of pixels for a given tissue.1–15

Many computer-aided diagnostic techniques for thoracic
imaging require some level of image segmentation. The goal
of the present study was to quantify the physical basis for
difficulties encountered when a gray-level thresholding tech-
nique alone �which has been a common approach� is at-
tempted for the purpose of segmenting tissues present within
thoracic CT scans. Similar challenges may be encountered
during the segmentation of thoracic structures for radiation

therapy treatment planning. The present study sought to
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quantify the range �variability� of HU values for specific tis-
sues and the extent of the overlap of these HU values for
different, spatially adjacent tissues; these data are meant to
serve as a guide for investigators engaged in image segmen-
tation tasks.

The results from this study will further the understanding
of HU distributions and variability contained within various
tissues in thoracic CT scans. This understanding will prove
beneficial when designing segmentation algorithms for tho-
racic CT scans.

II. MATERIALS AND METHODS

A database of 28 contrast-enhanced thoracic CT scans
from 28 mesothelioma patients �23 male, 5 female, age
50–83 yr� was retrospectively collected and analyzed. The
scans were performed at the University of Chicago Medical
Center on three different CT scanners: Brilliance 16 �n=2�,
Brilliance 16P �n=19�, and Brilliance 64 �n=7� �Philips
Medical Systems, Cleveland, OH�. Scans were acquired with
120 or 140 kVp and 113–330 mA s �mean: 237 mA s�. All
scans were infused with 120 ml of contrast agent �Om-

nipaque 350�, according to a clinical imaging protocol that
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used an injection rate of 2.2 ml/s with a 65 s delay. All scans
were reconstructed axially as 512�512 pixel images and
had 1 mm reconstruction interval and 1 mm section thick-
ness. The database was collected under an Institutional Re-
view Board-approved protocol. All applicable Health Insur-
ance Portability and Accountability Act regulations were
observed during the collection, maintenance, and use of this
database.

FIG. 1. ROIs selected from various tissues within the same CT section: �a�
fat, �b� mesothelioma, �c� ascending aorta, �d� pulmonary artery with arti-
fact, �e� pulmonary artery, �f� descending aorta, �g� mesothelioma contour
by radiologist, and �h� muscle.
FIG. 2. The distributions of HU values for the 13 tissue types across all 28 CT
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The 13 tissue types investigated were heart, ascending
aorta, descending aorta, pulmonary artery, pulmonary artery
with artifact, inferior vena cava �IVC�, pleural effusion, me-
sothelioma, muscle, spleen, liver, fat, and fat with artifact,

TABLE I. Number of scans, number of ROIs, and average number of pixels
per ROI for each tissue type. AscAorta�ascending aorta, DescAorta
�descending aorta, PA�pulmonary artery, PaArtifact�pulmonary artery
with artifact, IVC�inferior vena cava, Effusion�pleural effusion, Meso
�mesothelioma.

Tissue type No. of scans No. of ROIs
Average No.

of pixels per ROI

Heart 28 84 6020
AscAorta 28 84 713
DescAorta 28 84 397

PA 28 84 472
PaArtifact 26 78 331

IVC 26 76 340
Effusion 10 28 1205

Meso 25 86 664
Muscle 28 84 567
Spleen 28 84 1559
Liver 28 84 2934
Fat 28 84 890

Fat Artifact 28 82 169
scans. Extensive overlap exists among mesothelioma, muscle, and liver.
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where “artifact” refers to photon starving artifact due to con-
trast agent. An in-house image viewer and measurement sys-
tem was used to manually construct and label the regions of
interest �ROIs� within these 13 tissues. The ROIs �Fig. 1�
were created away from the edges of tissues to avoid pixels
found near tissue boundaries where partial volume effects
occur. The ROIs were created by a single observer �NC�
according to guidelines to ensure proper sampling of the sec-
tions and tissues within each section.

To compare the HU distributions of different tissues, dis-
tributions for each tissue were created by combining all the
HU values from the ROIs within that tissue across all sec-
tions of all CT scans. The minimum, maximum, and median
HU values as well as the HU value at 2.5, 25, 50, 75, and
97.5 percentiles were calculated. Overlap among the HU dis-
tributions of different tissue types was illustrated with a box-
and-whiskers plot. For each tissue type, the interpatient vari-
ability �expressed as the standard deviation of median HU
values across patients� was calculated.

The influence of scanner and reconstruction filter/kernel
combination on HU distributions was investigated. The ROIs
of mesothelioma, muscle, and liver were compared across
three different scanner and reconstruction filter/kernel com-
binations: 16P B/B, 16P D/D, and 64 D/D, where the “16P”
and “64” refer to the number of rows in the detector. Recon-
struction filter/kernel “B/B” indicates soft-tissue reconstruc-
tion, while “D/D” indicates bone reconstruction.

III. RESULTS

The number of scans, the number of ROIs, and the aver-
age number of pixels per ROI for each tissue are presented in
Table I. Pulmonary artery with artifact, IVC, pleural effu-
sion, and mesothelioma have fewer than 28 scans due to the
limited presence of these tissues within the scans. The num-
ber of ROIs per tissue varies due to the presence of the tissue
within a scan or the ability to create an ROI within the tissue.

TABLE II. Statistics for HU distributions for different tissues across all 28 CT
artery, PaArtifact�pulmonary artery with artifact, IVC�inferior vena cava,

Tissue type

Emprical percentiles
�HU�

Min 2.5% 25% Median 75%

Heart �482 14 118 169 223
AscAorta 23 147 211 246 286
DescAorta �142 103 197 236 278

PA �71 95 172 218 261
PaArtifact �132 97 171 216 263

IVC �150 14 92 129 170
Effusion �217 �102 �24 4 30

Meso �258 �52 23 56 91
Muscle �260 �33 37 61 85
Spleen �205 11 94 130 168
Liver �315 �31 56 92 126
Fat �339 �156 �112 �93 �72

Fat Artifact �1000 �254 �112 �61 3
Figure 2 illustrates the overlap of the tissues’ HU distribu-
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tions. The minimum, maximum, and median HU values as
well as the 2.5, 25, 50, 75, 97.5, and 99.5 percentiles are
presented in Table II. The percentile differences, 25%–75%
and 2.5%–97.5%, which describe the width of the distribu-
tion, and the interpatient variability are also presented in
Table II.

For mesothelioma, muscle, and liver, the number of scans
and the number of ROIs for each combination of scanner and
reconstruction filter/kernel are presented in Table III. As il-
lustrated in Fig. 3, reconstruction filter/kernel B/B has lower
percentile differences than reconstruction filter/kernel D/D.
The interpatient variability �expressed as the standard devia-
tion of the median HU values across patients� for the differ-
ent combinations of scanner and reconstruction filter/kernel
16P B/B, 16P D/D, and 64 D/D are presented in Table IV.
For mesothelioma, the interpatient variability for 16P D/D
and 64 D/D are high due to each having an outlier. When the
outliers are removed, the interpatient variability for 16P D/D
and 64 D/D are 13 HU and 13 HU, respectively.

IV. DISCUSSION

This study characterized the HU distributions of mesothe-
lioma and other tissues found in contrast-enhanced thoracic

. AscAorta�ascending aorta, DescAorta�descending aorta, PA�pulmonary
ion�pleural effusion, Meso�mesothelioma.

Percentile differences
Interpatient
variability

7.5% Max 25%–75% 2.5%–97.5% SD of medians

351 1908 105 337 36
381 508 75 234 47
372 598 81 269 41
362 521 89 267 60
396 659 92 299 56
267 506 78 253 30
87 224 54 189 41
181 355 68 233 26
147 393 48 180 7
252 492 74 241 25
205 480 70 236 23
�19 204 40 137 11
205 1545 115 459 38

TABLE III. Number of scans and ROIs by scanner and reconstruction filter/
kernel combination. Meso�mesothelioma.

Tissue type Filter/kernel No. of scans No. of ROIs

Meso 16P B/B 6 18
16P D/D 13 44
64 D/D 7 18

Muscle 16P B/B 6 18
16P D/D 13 39
64 D/D 7 21

Liver 16P B/B 6 18
16P D/D 13 39
64 D/D 7 21
scans
Effus

9
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CT scans of patients with mesothelioma. The purpose of the
study was to investigate the aggregate variability of HU val-
ues for different tissues, with secondary evaluations of inter-
patient variability and variability due to different scanner and
reconstruction filter/kernel combinations. The study did not
evaluate the components of variability attributable to other
image acquisition parameters. The results illustrate �1� large

TABLE IV. HU statistics of mesothelioma, muscle, and liver by scanner and

Tissue type Filter/kernel

Empirical percent
�HU�

Min 2.5% 25% Median

Meso 16P B/B �116 �26 19 42
16P D/D �225 �46 29 63
64 D/D �200 �68 23 62

Muscle 16P B/B �160 1 40 58
16P D/D �260 �38 38 62
64 D/D �181 �48 30 60

Liver 16P B/B �92 16 70 98
16P D/D �223 �37 48 85
64 D/D �315 �50 52 93

FIG. 3. The distributions of HU values of mesothelioma, muscle, and li
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variability in the HU values within a specific tissue across
patients in clinical thoracic CT scans acquired using the
same imaging protocol on different scanners by the same
manufacturer and �2� a large degree of overlap in the HU
distributions of spatially adjacent structures.

The HU distributions of pleural effusion and mesothe-
lioma overlap, as seen in Fig. 2. Such overlap makes sepa-

nstruction filter/kernel combination. Meso�mesothelioma.

Percentile differences
Interpatient
variability

97.5% Max 25%–75% 2.5%–97.5% SD of medians

125 225 46 151 9
199 355 70 245 33
167 287 75 235 23

116 186 36 115 6
151 393 48 189 8
153 277 58 201 5

180 300 55 164 23
196 480 73 233 26
223 442 80 273 18

or three different scanner and reconstruction filter/kernel combinations.
reco

iles

75%

65
99
98

76
86
88

125
121
132
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ration of these structures based on HU values alone a diffi-
cult task. The HU distributions of mesothelioma, muscle, and
liver overlap with the HU values of mesothelioma between
pleural effusion �with lower HU values� and muscle and liver
�with higher HU values�. These similar distributions and
similar anatomical locations make segmentation of mesothe-
lioma, pleural effusion, liver, and muscle from one another a
challenge. Segmentation algorithms that attempt to segment
any of these four structures will require complex approaches
beyond simple HU value thresholding. Fat, on the other
hand, has the least overlap with the other distributions, as
shown in Fig. 2. Thus, segmentation of fat from the other
structures may be possible with simple thresholding-based
segmentation techniques.16

For a given tissue, the interpatient variability �expressed
as the standard deviation of the median HU values across
patients� was calculated. Interpatient variability widens the
HU distributions for each tissue across patients since, al-
though the widths of tissue HU distributions for different
patients were similar, the median values were shifted relative
to those of other patients. A low interpatient variability dem-
onstrates that the same tissue from different patients have
similar median HU values. Muscle and fat exhibited the low-
est interpatient variability.

When comparing distributions from different scanners
and reconstruction filter/kernel combinations, mesothelioma,
muscle, and liver were investigated because they are difficult
to segment due to their similar HU values. As expected, the
smoothing effect of the soft-tissue reconstruction filter/kernel
B/B lowers the percentile differences across all three tissues
when compared to D/D.

While the results and conclusions of this study are not
surprising, a systematic investigation such as the one pre-
sented here is required to provide direct evidence of an oth-
erwise expected finding. Many articles in the literature report
algorithms that segment tissues through gray-level threshold-
ing �simple thresholding as well as adaptive thresholding�,
and this study was intended to investigate the similarities of
the gray levels depicted by various structures within thoracic
CT scans in an effort to understand the reliability and gener-
alizability of such approaches. Our findings suggest that seg-
mentation of thoracic structures requires methods more com-
plex than threshold-based segmentation alone.

We expected �1� large variability in the HU values within
a specific structure across patients and scanners and �2� a
large degree of overlap in the HU distributions of spatially
adjacent structures. Both expectations are demonstrated in
our results. These findings generate two key conclusions.
First, that gray-level thresholding-based segmentation of
structures in thoracic CT scans will likely prove challenging;
second, that natural variability in these scans must be con-
sidered to provide segmentation algorithms with some ele-
ment of generalizability. The essential finding from our study
is not the absolute values of the HU distributions presented,
but rather the range of HU values for specific tissues and the
extent of the overlap of these HU ranges for different, spa-
tially adjacent tissues.
Further research should investigate intrapatient variability,
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which would require multiple scans for the same patient.
This study had a limited database of 28 patients; a similar
study with a larger database would yield more robust results.
While this study examined Philips scanners, future studies
should include scans from multiple scanner manufacturers.

V. CONCLUSION

This study characterized tissues found within contrast-
enhanced thoracic CT scans of mesothelioma patients. The
HU values of mesothelioma tend to fall between those of
pleural effusion �with lower HU values� and those of muscle
and liver �with higher values�. The similar HU values and
close spatial proximity make computerized segmentation of
these four structures based on HU values alone a challenge.
Of the tissues investigated, fat has a narrow distribution, low
interpatient variability, and limited overlap with other tis-
sues, which make it an ideal candidate for threshold-based
segmentation. The results illustrate the wide distributions and
large variability that exist for tissues present in clinical tho-
racic CT scans acquired using the same imaging protocol on
different scanners by the same manufacturer.
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